OBJECTIVE: To examine the association of leptin with food intake and preferences for sugar and fat in obese humans. METHOD: Food intake and preferences for sugar and fat were measured in 35 obese women by a four-day food record and three hedonic tests, respectively. RESULTS: High fasting serum leptin concentration adjusted for body fat mass and dietary underreporting was associated with low dietary energy and fat intakes. In addition, trends towards lower preference for chocolate as well as for the taste of high-fat, low-sugar mixture were observed in those with higher leptin concentration. CONCLUSION: High serum leptin concentration could be associated in obese women with lower dietary energy and fat intakes, and possibly with the lower preference for fat. These ®ndings need to be veri®ed in further human studies.
Introduction
In most rodents, leptin decreases food intake by signalling satiety in the brain. 1, 2 Increased leptin concentrations and insensitivity to leptin have been observed in obese rodents, such as the Zucker fa/fa fat, 3 characterised by increased preference 4 and intake of fat. 5 Elevated leptin concentrations 6 and preference for high fat foods, especially for high-fat, high-carbohydrate combinations, 7, 8 have also been reported in obese humans. The association of leptin with food intake and preferences for sugar and fat is, however, poorly known in humans and was therefore investigated in obese women.
Subjects and methods
Thirty-®ve obese women participated in the study before the beginning of a weight-reduction programme 9 (Table 1) . At the time of the study, none of the subjects was currently dieting or had markedly lost weight.
Measurements were performed in the morning in a fasting state after voiding. Standing height and weight, using a digital scale, were measured in light clothing to the nearest 0.5 cm and 0.1 kg, respectively. Body composition was determined by bioelectrical impedance (RJL systems, Detroit, MI). Resting energy expenditure (REE) was measured by indirect calorimetry (Deltratrac, Datex, Helsinki, Finland). 10 Blood samples were taken from an antecubital vein, and leptin assay was performed by a commercial radioimmunoassay (Linco Research, St Louis, MO).
11
Preferences for sugar and fat were determined by three consecutively performed hedonic tests. First, preferences for ten different food items (sausage, cheese, sandwich, pineapple, liquorice, chocolate, biscuit, cream dessert, carrot, peas) were assessed based on looking at the food items and assessing how pleasant it would be to eat them. Second, preferences for the tastes of typical Finnish milks with three fat concentrations (0%, 1.9%, 3.9%) and third, preferences for the tastes of nine cream±sugar mixtures (made of milk products including 3.9%, 19%, 38% fat, combined with 1%, 10%, 20% sucrose) 7, 12 were determined at 5 C by a standard sip-and-spit procedure. In all tests, the samples were presented in random order and the assessments of preferences were made on nine-point verbally anchored category scales (extremely unpleasant±extremely pleasant). The preferences for milks and cream±sugar mixtures were determined in partitioned tasting booths, illuminated by red colour in order to control visual differences in the appearance of the samples. Food intake was measured by weighed four-day food records. Calculations for energy and nutrient intake were made by the Nutrica computer program, based on the Finnish nutrient databases (Social Insurance Institution, Helsinki, Finland).
Partial correlation coef®cients and analyses of covariance were calculated using SPSS for Windows (SPSS, Chicago, IL) after logarithmic transformation for leptin.
Results and discussion
As could be expected, 6 leptin correlated strongly with body fat mass (r 0.60, P`0.001). Similarly, as is typical for obese people, 13 dietary underreporting was common; mean energy intake (1391AE 379 kcal/d) was even lower than measured REE (1553AE 161 kcal/d). Individual assessments of underreporting were therefore calculated using energy intake/measured REE. 14 To exclude the possible confounding effects of fat mass and underreporting, the association of leptin with examined variables was analysed after adjustment for these factors.
Consequently, an inverse association was observed between leptin and dietary energy (r 70.37, P 0.03) and fat (r 70.35, P 0.05) intakes. Inverse associations were also observed between leptin and preference for the taste of cream±sugar mixture with highest fat and lowest sugar concentration (fat 38%, sugar 1%; r 70.40, P 0.02), as well as between leptin and the rating of pleasantness of eating chocolate when looking at it (r 70.35, P 0.05). No other signi®cant associations were observed between leptin and dietary variables, including hedonic ratings and the percentages of energy from different macronutrients.
To further con®rm the ®ndings, the subjects were divided into tertiles according to leptin concentrations (tertile I: 15.9±29.5 ng/ml, n 12; II: 30.2±37.1 ng/ ml, n 11; III: 37.5±83.8 ng/ml, n 12). As in correlation analyses, lowest energy (F(2,34) 5.10, P 0.01) and fat (F(2,34) 3.46, P 0.04) intakes (Figure 1 ) as well as a trend towards lowest preference for the taste of high-fat, low-sugar mixture (F(2,34) 2.74, P 0.08) were observed in those with highest leptin concentrations. However, the association of leptin with the preference for chocolate was not signi®cant anymore (F(2,34) 1.12, P 0.34).
Thus, in accordance with the animal ®ndings, 1,2 the highest leptin concentrations were associated with the lowest food intake. Interestingly, the association was observed here in obese subjects who it has been suggested are resistant to leptin. 6, 15 It could thus be speculated that in the obese with the highest leptin concentrations, leptin was high enough to inhibit eating and to overrule the in¯uence of possible leptin resistance on food intake. A weak inverse association between leptin and dietary energy intake was observed also by Ostlund et al, 16 although in their Leptin, food intake and taste preferences LJ Karhunen et al study, the association did not remain signi®cant after adjustment for gender and body fat. The association of leptin with taste preferences has not been studied in humans before. Interestingly, an inverse association appeared between leptin and the taste of high-fat, low-sugar mixture, suggesting that leptin could mediate its effect on food intake through decreased preference for fat. However, due to multiple comparisons made, this association should be interpreted with caution. Furthermore, in line with earlier human studies, 16 ± 18 no signi®cant associations were observed between leptin and the quality of the diet, suggesting that, in practice, the impact of leptin on preference for fat seems to be relatively weak.
Finally, although underreporting was taken into account in the analyses, it cannot be ruled out that subjects have not underreported all foods equally, for example, those with lowest fat intake could have omitted the intake and liking of fat most and thus the observed associations would, in fact, be a consequence of that. No associations were, however, observed between underreporting and hedonic ratings, thus suggesting the measurements are still valid.
Conclusion
In obese women high serum leptin concentrations could be associated with lower energy and fat intakes, and possibly with a lower preference for fat. However, further studies are needed to verify the present ®nd-ings and to better understand the role of leptin in the regulation of eating in humans.
